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ABSTRACT 

Summaries of ozone  measurements  made at   Lit t le America,  Antarctica  during 1957 and 1958 are  presented.  Data 
include  both  total  ozone  observations  made  with  a  Dobson Ozone Spectrophotometer  and  surface ozone concentra- 
tions  measured  with  the  automatic  ozone  recorder  developed by Regeller.  Wind  and ozone roses were constructed  to 
examine  the  variation of surface  ozone  with wind direction,  and  in  addition  the  net  meridional  transport of surface 
ozone  was  computed for each  month  for a year. 

The  computed  northward  transport of surface  ozone  during  the  winter  months of June  through  September  sug- 
gests a model  for  atmospheric  circulation  in  the  Antarctic.  Assuming  no  ozone is created or destroyed  by  photo- 
chemical or other  means  during  this  dark  period  and  that  Little  America is representative of its  latitude,  steady-state 
conditions  require  that  the low-level outflow of ozone  be  compensated by inflow at ot'her levels. Both  the lower 
stratospheric  circumpolar  jet  inhibiting  meridional  transport  and  the  stability of the  Antarctic  stratosphere  inhibiting 
downward  vertical  transport  lead us to  ascribe  the  principal OZOIIC influx to  the  troposphere  above  the  surface  layer. 
Computations of the  tropospheric  ozone  concentrations  required  to  replace  the low-level loss of ozone,  using  Itubin's 
values for the  vertical  distribution of the  tropospheric mass transports,  are  in good agreement  with  the  observations 
made by ozonesonde a t  Halley  Bay. 

It thus  appears  that  some of the ozone  manufactured  in  the  sunlit  stratosphere of lower latitudes which enters 
the  troposphere  through  the  tropopause  gap  associated  with  the  mid-latitude  jet  stream is transported  into  the  Ant- 
arctic  by  winds of the  vigorous  winter  storms  which  move  around  and  into  the  continent, and finally sinks  and  then 
flows northward  again  as  part of the 2- to  3-km.  thick  surface  layer. 

1. INTRODUCTION 
Beginning in  early 1957 measurements of surface  ozone 

concentration  and  total ozone were carried out  at'  the 
US-IGY Little America Station,  located  on  the shelf  ice 
2jh miles south of the Ross Sea,  Antarctica (78'11's., 
162'10'W., 44 meters m.s.1.). See figure 1. Air which 
reaches the  Little America Stat'ion  from  east  through  south 
t,o west has  traveled  for  thousands of miles over a snow 
field, lying on ice hundreds of feet  thick.  Winds  from 
west-northwest' clockwise to  east-northeast  have moved 
over predominant'ly  sea-ice,  generally not more than 10 

1 Presented  in  condensed form a t  the International Conferen-e on Stmospheric Ozone- 

her 1959. 
Oxford Symposium,  July 1959 and at  tl:e Antarctic Symposium of Buenos Aires, Novrm- 

feet  thick, except during  January  to April  when  mostly 
open ocean  or  very thin ice is found. In  Soptember- 
October  the sea-ice has its greatest  extension,  reaching 
about 1,000 miles northward.  The  only  plant life,  lichens, 
is  found on the nearest exposed rock of the Rockefeller 
Mountains, 70 miles east of Little America. 

To take  advantage of this unique  high-latitude  site, 
a program of measurement of total ozone content  in  the 
vertical  column  by  means of the Dobson Ozone Spectro- 
photornet'er  was  begun in February 1957 by W. B. More.- 
land and corhnucd in 1958 by W. S. Weyant.  The 
surface ozone program was start'ed in  late  March 1957 
by B. W. Harlin, also of the US .  Weat'her  Bureau,  who 
installed  the  automatic ozone recorder  developed by 

43 
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FIGURE 1.-Map of Antarctica showing s iks  rrlcrltionrd i n  text. 

Regener [9]; measurements were made from Decemhrr wit,h Dobson Ozone Spectrophotometer Number 37 
1957 through October 1958 by W. S .  Weyant. located in t#he “Aurora, Tower” (fig. 2).  The instrument 

was so mountcd t,hat  the sun-director was located under 
2-  OF INSTRUMENTS AND OF a dome which could be  rotated 360 degrees. A section 

OBSERVATION of the dome could be opened to permit eit,her direct sun 
Total ozone-Measurements of total ozone were made or zenith sky observations. 
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FIGURE 2.-Plan of buildings at Little Arnerica V, Antarctiw. 

No. 3 is meteorology  building. In t ake  for air for surface o z o n ~  
analyzer,  indicated  by “I”, is located about 4 3  ft,. above  building 
roof. No. 12 is aurora-air glow building.  Dobson ozone spr:c- 
trophotometer,  indicated  by “I)”, is on aurora tower :it rear of 
building 12. The roof of the tower is about 25 f t .  ahovt. the 
general roof level of the  other  buildings.  Rnildillg rnarktxl “H” 
behind No. 13 is the hydrogcrl  shelter  where rawinsorude balloons 
are  inflated and released.  Smoke  sources are indicnted by t , h o  
letter “X”. 

A  detailed  description of t’hc  instrument  and obscbrva- 
tional  procedures has been given by Dobson [ 3 ] .  At  Littlc 
America the wavelength  pairs  designated  “A”, “B”, ‘‘ ’I” 1 

and  “D” [3]  were  employed whcmtver fcasible. ‘J’hcsc 
wavelengths arc: 
Wavelengthopair: A n c D 

Short @.) _ _ _ _ _ _ _ _ _ _ _ _  3055  3088  3114. 5 3176 
Long (A,) _ _ _ _ _ _ _ _ _ _ _ _  3254  3291  3324 3398 

During  the  spring  and  aut’umn  months  the “A” atltl “B” 
wavelengths  frequently  could  not  bc used due  to the wealr 
light  intensity caused by the low  elevation of the  sun. 
During thc polar  night  measurement’s ~ e r c  made using 
the  moon as a light  source; because of the low serlsit,ivit,y 
of the  instrument  only  “D”  wavelengths could be  employed 
then. 

Ozone values were based  upon the  stantlard  “AD” 
reduction  when  the  “A”  wavelengths were obtainable ; 
otherwise, the values were obtained from “CD” Incasure- 
ments.  Zenith  cloud  values were not utilized in  obtaining 

averagcd  nlonthly ozone amounts since a comparison of 
zenith cloud and direct  sun  values showed that  they were 
not cotllpatiblc. All the ozone values must  be considered 
provisiorml until  the  instrument is recalibrated  upon  its 
return  to  the Unit’cd States. 

Surface ozone-Figure 2 also shows the physical  location 
of t,he  air intake for the  surface ozone analyzer,  and  nearby 
sources of atnlospheric  pollution  in  the  camp. 

The  air  intake was located  about 4>4 feet  above t’he roof 
of the  Meteorology Office, and a t  a lesser but variable 
distance  above the snow which  covered the roof except 
for t,tw brief sutnnler  season. Each of the permanent 
buildings  contains two diesel oil heaters,  with stovepipes 
discharging  the  combustion  by-products at about 6 feet 
above the building roofs. As can be seen from  the dit+ 
gram the ruain part’ of the camp, and hence the maximum 
amount’ of air pollut,ion from  this source, is located  in  the 
quadrant between east-southeast and south-southwest 
relat’ive to the air intake. 

The glass tube of the  intake itself curves  around at the 
top  to  end  in an inverted glass  beaker  about 3 inches in 
diameter, which is  packed  with glass wool to  prevent 
entrance of particulate  matter  into  the ozone measuring 
device. It was noted that only a few hours’ exposure of 
fresh glass wool in the  beaker was sufficient to collect 
enough  soot bo be visible, and  after  about one day the 
intake surface of the glass wool became corndetely 
blaclwncd. The ghss wool WAS cllanged only when the 
air flow t’llrough the measuring device dropped,  not more 
often than once u month  at  best. Since  replacing the 
soot-encrusted wool with clean wool did not result  in any 
not’ieeable cllarlgc in  the  instrurnent  readings, i t  does not, 
appear likely that there was a significant’ local effect 011 

surface ozone concent’ration. 

3. DISCUSSION OF TOTAL OZONE OBSERVATIONS 

As direct S U K ~  observations  using the “A” and “D” 
pairs of wavelengt,lm give the  most reliable  values of total 
ozone, tllcse values were used on days when such  observa- 
tions wcrc possible. On other  days when sun observa- 
tions  using t’lw “CD” pairs of wavc?lengtlls were obt,ained, 
t’hcse ozone values were used, after a.pplying u correct,ion 
to make t h c m  morc  nearly  compatible  with t’hc “AD” 
observations (sce next paragraph).  Finally,  with only the 
full moon or  with  very low sun, when ncither of the 
above types of ohscrvations  was possible, the focused 
ilrlagt. vulucs on  the “D” wavelengths  only were used. 
In all of tho corr~put~ed values, the ozonc absorption coeffi- 
cimts as clcterrnined by Vigroux 1121 and list’ed by Dobson 
[:$I were the ones applied. 

There wtre several occasions when rcadings on both  the 
“AD” arid “CD” pairs of wavelengths were obtained at 
nearly  the  same  time, so that, a comparison of the two types 
of readings was possible. Fifty-four  such occasions were an- 
alyzed, and  it was found that on the  average  the  “CD”  read- 
ings gave 0.055 cm. lower values of ozone than  the “AD” 
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TABLE l .-Mean  total  ozone  observations  at  Little  America T', Ant- 
arctica, in em.  of pure  ozone,  reduced  to  standard  temperatrtre  and 
pressure.   Number of days'  observations in parentheses. 

Month 1 1957 I 1958 1 Comhincd ~ Ttmmrks 

~" 

""_ __ """ 1 " - ~  ~ - ~ "  

0.299 
nonc 

,333 
,266 
,395 
,480 
.346 
,536 
,334 
,384 
, 451 
,316 

I). 314 
,314 

nonr 
,335 

nonr  
,349 

none 
,433 

none 
. 3  53 

none 
.399 

Dircct sun -kD 
Dircct sun B T )  
Mostly FIS Cl) or I )  

(la) 0.314 (13) 

(1) ,334 (16) 
,266 (4) FI moon on 1) 

(1) .380 (3) FI moon  on D 
. 480 (2) 

FI moon on D (1) ,368 (4) 
FI moon on 1) 

PI  moon on  D ,536 (2) 

(8) ,373 (23) Mostly  direct snn L\T) or C I) 
,334 (17) Mostly FIS C D  or 1) 

(1) ,420 (22)  Direct  snn BD 
,316 (3) Direct sun a l l  

(5) .310 (7) 

readings,  with a st,andard  dcviation in thediffercrlccsoiO.009 
cm. A graph of the 54 differences plott'ed against  air mass 
and  against  the "AD" values  showed no apparent' relat,ion- 
ship of the differences to  either  parameter. All of the 
"CD" values used in  this  rcport were corrcctjcd by adding 
0.055 to the cornput,ed ozone value.  (Quttlit,atively thc 
values from  the "D" \va,vclcngths alorlc also seem lomcr 
than  the "AD" values  for  t,he sanle time,  but in view of 
the  much  greater  variability of t'he diffrrcrlcrls no corrc'c- 
tion  factor was applied to  t'hese  readings.) 

Table 1 shows the rnc'm OZOKW vdues  obtained t)y the 
above  methods of obscrvation  for etrch month for 1957 
and 1958 and  the cornbined dattl.  Figures  in  parcnt'hescs 
following each mean value give  t'he nurnbcr of tln~-s' 
observations  on  which  tllc  mean was based. Figure 3 
is R graph of t,he combined vslues, with  the number of  
daxs entered  in t'he  plot8tetl  circle. 

The dark-season  observat'iorls are  too few in number 
and too  variable in value tmo permit' any firm conclusions 
as t80  winter  atmospheric ozone contcllt over Litt'lc 

,200 I I I I I I I I I I I I I 
JAN FEE M A R  APR MAY  JUNE  JULY AUG SEPT OCT NOV DEC JAN 

MONTH 

Arnerictt, alt8110ugll tlleir mean  indicates wint,er  values 
higher t h m  the overall annual mean. The more numerous 
observutiorrs in the  spring and summer show the  total 
ozone content  increasing  in  the  spring  t80 a Kovember 
maximum, ;mtl t,llen decreasing to  an average  value of 
about 0.32 in the  summer, wit'h little  mont,h-to-month 
chttrtge tlurirtg t'hr  summer season. 

4. DISCUSSION OF SURFACE  OZONE  MEASUREMENTS 
The rnt:an hourl3- readings of surface ozone concentrn- 

tions wcre ext,r:lctetl from  the  recorder  charts. Gaps 
in  the (lata exist during periods of mdfunctionirlg or 
nonfunctionirlg of the device. Days on which data were 
missing wcre completed by  linear  irlterpolat,iorl of values 
for t,he nlissing  hours,  when  t'his  period  did not exceed 6 
hours and t8he change ovcr the missing period was not 

N=NUMBER O f  D A Y S  D A T A  USED 

FIGURE 4,"Little America Station monthly average  surface ozone 
corlcellt,r:ttiolls, March 1957 through  October 1958. 

I N iNUMBFR OF D A Y S G A  USED I 

70 

1 MEAN  MONTHLY  VALUES 
XI-"-* X SMOOTHED CURVE USING M E A h  

OF M I M  M i l  

1 0 -  

N+ 21 2 j  2j 42 42 d o  5, 3 '  19 51 30 22 
1 I I 1 1 I I I I I I I 

JAN  FEB M A R  APR MAY  JUNE  JULY AUG SEPT OCT NOV  DEC 
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TABLE 2.--T)aily values of surface ozone  concentration at L i t t l e  A m e r i c a  V ,  Antarctica i n  micrograms r n - 3  Interpolated valueb are enclosed in 

Means are o.f ohaerned oalurs only .  

1957 

-4ug. Sopt. Oct. 

49.3 (50.6) 29.Y 
40.6 53. I 30.4 

~ _ _ _  

26. 5 (49.5) (30.4) 
36. 1 45.8 30.4 
39.4 42. 1 23.9 
33.8 37.5 (25.6) 
41.9 38.0 (27.3) 
44. I 36. 3 29.0 
47.3 (36. 5)  23.0 

33.8 37.0 (22.1) 
42.4 (36.8) (22.5) 

32.9 (39.0) 21 6) 
41.0 40.9 IZl:2) 
41. 7 (44.8) (20.7) 

43. , 52. 7 24.2 
42.0 44.2 22.8 
43.4 46. 5 22. 5 
43. 1 37. 7 24.8 
42. 9 42.6 22. 1 

(40. 1) 41.2 28.3 

39.8 33.8 37.3 
37. 4 22.3 31.7 

34.3 31.7 28.8 
39.1 31.5 (27.2) 
46.8  29.4 (25.5) 
38. 9 32.9 23.9 
47.4 28.1 24.8 
43.8  33.1 28.8 
44. 1 32.9 26.2 
48.1 .-.. ~... 24.2 

44.; (48.8) 20.2 

61.9 
59.3 

66.1 
57.3 

65. 1 
60. 2 
60.0 
62.8 
52.4 
61.4 
55. 4 
62.3 
59.0 
57.8 
55. 5 
58. 1 
57.2 
61. fi 
58. 9 
61.2 
66.5 

66.2 
63.3 
68. 5 
71. 1 
67.8 

73.5 
74.4 
72.4 
72.3 
72. 5 
64.9 
56. 6 
61.4 
57. 1 
59. 2 
56.7 
54. 9 
51.2 
44. 5 

67. 6 
71. 0 

67.5 
63.3 
58. 9 
67. 7 
67. 4 
64.7 
66.4 

(70.6) 

(57.  8) 

(65.6) 

(64.9) 
(65.3) 

(64.5) 
( 9 . 2  
(i3. 7 
64. 1 
64.2 
66. 0 
66. 4 
69. 6 
73. A 
66.0 

56. 2 
58.8 

SO. 4 

A2. 1 
64.4 

65.8 
59. 6 

43. 1 
51. 1 

48.0 
4.3. x 
4% 5 
R2.9 

50. (i 
5x. 1 

42.3 

58. n 

(45. 61 
4x. 8 

42.3 
45. 3 

51.7 
61.8 
(i2. 0 
59. 1 
f i l .  6 

57.0 
.5Y 0 

ax. 3 
60. 9 
56. 7 
5 3 . 3  
44. 7 
59.9 
53.8 

t i l .  4 
S i .  9 

4!J. , 57.1 

45.8 
48.4 

4 i .  X 
,58. R 

51.3 
51.4 
54. 6 
58. 7 

$ 5 . 3  

40. 7 
41. 4 
39. I 

41.6 
42.0 

41. 9 
35. 3 

(37.5) 
(39.8: 
42.0 

47. 8 
4 6  3 

48.2 
49.6 

37.4 
37. x 

(89. 3) 

36. 0 
40. 7 

42.0 
40. I 
51.8 

(54. 6 )  
(57.2) 

.3$l. 9 
53.3 
55.6 

(42.0) 
(48.8) 

(35.2) 
(28.4) 

21. 5 l t i .  5 

29.3 20.9 
27. 8 13. 8 

24.4 10.2 

14. 1 22. 7 
19.2 18. .5 

19. 1 21. 9 
(17.8) 16.8 
l( i .4 19.2 
26.2 13.3 
31.2 14.4 

(31.4) 18.2 

(31.9) 15. 7 
(31. 7) 20.8 

(82. I )  12.0 
(32.4) 8. 3 
(82.6) 9. 5 
(32.9) H. 7 
38. 1 10. 3 
30. 9 15. 5 
37. 4 17.9 
2!l. 2 21. 3 
31.2 (20.  5) 
21. 1 (19.X) 
21.0 (19. 0) 

2 2 .  6 21.8 
l!J. 8 18. 3 

(21.5)"""" 
(20.4) ..~.. .. . 
19.3 ..~~~... 

21. I 12. 0 
21.1 
21. 9 
17.6 

21.0 
1 7. .5 
12.0 
8.3 
9. 4 
4.8 

7. 6 
7. 9 

4.3 
6. 7 

(3. 6 )  
2. x 

23. 0 

(4.4) 
(5.3) 
(6. 1) 
6. Y 

1;. y 
i. 0 

65.8 65.5 
66.9 69.8 
ti2.2 72.2 

(44. 7) 
(46.3) 
(47.8) 
(49.4) 
(51.0) 
(52. 5 )  
(64. I)  
(55. 7) 
(57. 3) 

65.2 
$58.9 

68.3 
65. 1 
60. IJ 
57. 7 
51. 7 
46. 2 

49.2 
43.0 

47.9 
51.9 

38. 2 
41.2 
38.6 

(44.7) 

(56.8) 
(50. 8) 

(69. 0) 
(62.9) 

40.9 

.~..... 

(75. 0) 
81. 1 

(77. X) 

(71. 3) 
(74.5) 

(fix. 1) 
(64.8) 
(61. 5 )  
(58.3) 
(55. 0) 
51. 7 
53.0 

(57.5) 
58.0 
59. 6 
til. 4 
58. 9 
65.4 
67.4 
60. 2 

1 3 .  4 
64.3 
166.5 

60. 4 

(63. 0) 

(56.0) 
(59.5) 

(52. 5)  
(49.0) 
(46.5) 
(42.0). 

(38.5) (50.6) 
35. 1 (58. I) 

(39. 9) 53.0 
(38.3) 50.4 

(41.6) (49.3) 
(43.2) 45. 7 

(46. 5 )  41.0 
(44.8) 41.7 

(4X.  1) 50. 6 
(49. 7) 57. 1 

(36. 7) 65. 7 

51.3 58.0 
40. 5 49.0 
43.9 44.5 

(53.4) 53.0 
62.Y 59.2 
37.0 54. 3 
30.6 51.3 
43. 1 53.8 

(49.5) 47.5 
55.8 48. 6 
5Y. 5 51.0 

(43.4) 39.5 
45.0 42.9 

(40.3) 45.3 
(41.8) 40. 7 

(37. 1) 48.0 
(38. 7) 41.4 

35. 5 (52. 5 )  
(43.0) (56.9) 

61.4 

52.7 
52. 7 
51. 9 
53. 5 
52.1 
57. .3 
57.8 
60.3 
53. 7 

49.7 
49, 2 
49.5 
52.0 
53. 0 
55. x 
55.2 

4(i. 6 
46.2 

42. 0 
45. Y 
37. 0 

43. i 
45. 4 
40. 9 
41. x 
41.3 
33. Y 
40.4 

53. 0 

41. n 

fi4. 7 66.3 
61.9 53.6 52.1 

53. 5 
53.5 
53.6 
56.1 
52. 1 
60.1 
58.3 
59.7 

61.9 
56.4 

(55 .  7) 
56.6 

(54.7) 
53.8 
51. 2 

57.8 66. 9 
52.6 65.3 

58.0 65.7 

60. 7 (31. 6 
59.9 64.8 

60.8 68.4 
55. I 69. 9 

59. 1 (67. 8) 

~.~.._ (66.7) 
63.9 (67.3) 

~ 2 .  0 

x. 5 
5.9 

(22. 5) 
9. 2 

3.5. 7 
39.8 

(41. 
40. 

(43. " 

64.4 67.0 67.3 58.3 54. 7 48.6 44. 1 24.6 16.2 14.6 51.5 62. 1 45.0  49.8 41.0 37.9 2li.5 

- 
443- 

leal1 
day 

- 
45.9 
45. 7 
45. 6 
45. 8 

46.4 
4R. 2 

46.7 
46. 9 
46.8 
46.8 
47.2 
47.6 
47.9 

48.3 
14.2 

4n. 1 

48. o 
47. n 
47. 6 
47. 1 

4A. 1 
46, 5 

45. Y 
45.8 

46.9 
~" 

."" - 

1958 

4ug. Sc11t. Oct. 

24.5 15. 7 15. 1 

24.6 15.2 14.4 
24.6 15.7 15.1 

2.5. 5 1.5. 1 13. 7 
24.8 15.2 13.6 

52.3 
52.0 

51.6 

51.0 
51. 2 

X I .  8 
w .  7 

50. 6 
51.0 

51.3 
51.6 
51.3 
51. 6 
51.2 
51.4 

52.0 
51.6 

62. 4 
62. 3 
52. 2 
,X!. 0 
51.0 
51.0 
51.0 

62. 1 4B. 3 50. 0 
62.1 45.9 49.9 

61.5 47. 1 50.3 

60. 5 47. 5 511. 2 
59. 9 46. 0 511. 2 
fA1. 5 46.0 5 0 .  4 
(iO.2 46.2 50.7 

59.6 44. 3 5 0 . 0  
60.5 43.7 50.0 

62.3 44.8 50. 2 
61.2 44.8 50.4 

63.0 45.8 49.9 
64. 1 46. 7 41). 6 
64.8 46. f i  49. 7 
64.8 45.6 49.3 
63.6 44.4 49.6 
63.8 43. 1 49.7 
63.7 42.9 4!1.4 

63.2 42. Y 49.2 
02. 7 41.9 49.2 

63.0 43.6 48.9 
02. 7 43.3 48.4 

61.0 47. 1 50. I 

59. x 45. (1 An. 3 

01" ........ 42.6 54.6 61.1 62. 9 65.0 66.3 51.3 53.2 48.0 42.9 
0 2  .._.... ~.~~ 40. 5 54.4 61. 1 62.2 64.6 65.!) .51.4 52.8 47. 4 43. 1 
03.- ........ ~ 38.4 54.6 60.9 61.9 64.2 65.0  62.0 52.8 47.4 42.8 
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excessive;  otherwise, d l  incomplete clays were omitted. 
Hourly values for the 443 complete days remaining were 
then  corrected t'o s t a ~ ~ d ~ r d  air flow (10.0 lit'ers  per  minute) 
and tabulated in unit's of micrograms  per cubic meter (r) ,  
following t'he computat8ional  procedure given in Regerlcr 
[9]. The flow rate is measured a t  the pump e,xll>\ust after 
circulation of the  air  through t'he dcvice. 

Annual ozone variation-Table 2 ,  in  addition to showing 
the  mean  daily  values of surface ozone for each d:1y of 
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FIGURE 6.-Little America  Station  mean  hourly  surface ozone 
values, total period of record, 1957-58. 

Diurnal! ozone variation-Table 3 shows t'lw mean 
values of ozone concentration  for each mont811 by hour 
of the day, with  values  in  micrograms per cubic rnetcr 
and time  in  Greenwich, 11 hours  later thttll sttmd:ml time 
at'  Litt,le  America.  Figure 6 gives the mean hourly vduc~s 
for all of the observat'ions, while fiqure 7 depict's t'llo Ill('tLI1 

hourly  values by season as labeled. The  curve in  figure 
G shows  a maximum at, 0400 LST, arid a minimum 12 
hours  later  at. 1600 LST. Although  all of t'lle s e : ~ ~ o r ~ : ~ l  
curves  plott'ed show the same general  ptitmt'ern, the daily 
variat>ion  is most regular tind has the largest amplitudc 
in  t8he  spring  months of September a r d  October. 

The dstily variat,iorl of surface ozone concent8r:ttions :itm 
mid-latitude  plains stat'ions htts been found to v:wy in :L 
manner which  suggests a strong  relationship t'o atm- 
mospheric  thermal  stabilit8y.  During  the dtL>-, peak 
ozone concentrat8iotls usuttlly occur  during t'he afternoon, 
while t811e minimum  concentrations are found during t81w 
late evening or early  morning hours. I t  Ilils becn sug- 
gest,ed t,l1:tt8 t,lle physicd mechanism  which  causes t#he 
varint8ion is due t'o an imbi~lurlce bet'ween the  rate of ozone 
destruction  at, the e:rrt,h's surface and tlw resupply 
processes from the higher  tropospheric layers. The 
increased stability associat,ed wit'lr t'he  night  time forma- 
tion of R surface  radiative inversion  reduces the tlownwnrd 
t8rarlsport of ozone t'o the  vdue where the  r:Ltch of dest'ruc- 
t'ion exceeds the  resupply; t'herefore, during  the  night, 
surface cor~entrat~ior~s  may approtlch zero. Tlrc rcl- 
titively greater  afternoon  corlcentr>~t~ions a t  t'rihuted 
t'o t,he greater dowrlwnrtl transport msociatctl with 
instability mixing. 

A t  mountmain  stat'ions  the  daily  surface ozo11c wrriat'iorl 
is usually  found to he very smtdl (Bowen and Rcgcner [I]). 
However,  recent results  from  studies m d e  11c11r the sum- 
mit of WIauna Loa (Price  and  Pales [8]) h a v e  indicat8etl 

TABLE 1.- -Harmonic  constants for surface ozone  diurnal   and semi-  
d iurna l  variations ut  Liitle A?nerica 17, Antarctica 
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subject  to  errors  due t'o t,he short period of record, :Ire 
presented  in  table 4. 

As tmticipated  the  amplitudes  are  quit'e  small. In 
general the  diurnal  variat'ions  are  great'er t ' hm t'he  semi- 
diurnal; however, during M a p  t'he  semidiurnal  amplitude 
exceeds  t'he diurnal. Since the  thermal  stability  variation 
is greater  in the summer  than  in  the  winter, one  might' 
predict' that  the relat'ive  amplitudes  should he greater 
in t,he former  season than  in  the  latter.  The  dat'a verify 
t'his  prediction as the  relative  diurnal  amplitudes  average 
4.6 percent  for  the  summer  months  (December-January- 
February)  and 1.9 percent  for  t'he  winter  months  (June- 
July-August).  The  semidiurnal  averages,  although 
smaller,  show an tkverage relative  amplitude 1.6  times 
greater  in  the  summer  than  in  winter. 

The phase of the ozone diurnal oscillation  exhibit's  a 
rather  large  variation which may  be  due  to  the  short 
period of record.  However, the time of the  maximum 
usually  occurs  during  the  early  morning  hours. The 
early  morning  maximum t,ends to indicate  t'hat  factors 
other  than  t'hermal  stability  variation  may also be very 
important in determining the phase  and  amplitude of t'he 
diurnal ozone variation  in  polar regions. 

Since the  camp was on a 24-hour-a-day  work  basis, 
and since most  or  all of the  camp  contaminants consisted 
of smoke  from  heating  stoves in 24-hour operat'ion, there 
does not  appear  to be a  diurnal cycle of camp  contamina- 
t,ion which  could  account  for the phase of the observed 
diurnal  variation of ozone concentration. 

One  possible factor which might influence the  diurnal 
ozone variat,ion is the daily  worldwide  pressure  oscillation. 
The mass  convergence  associated with this pressure  wave 
may cause an increase  in the ozone  density. In  order  to 
determine  whether  such a relationship  exists, a harmonic 
analysis  was  made on all the available  surface-pressure 
datja  obt'ained at the  present  and  previous  Lit't'le America 
sit,es. It is well known that  the  diurnal pressure  variation 
is influenced by local weather  and  topography which 
complicate its worldwide  characteristics. The semi- 
diurnal  variation,  however, is worldwide arid is the  more 

TABLE 5.--Harmonic  constants  for  surface p r e s s w e  diurnal  and 
semidiurnal  variations at Little  America  sites,  Antarctica 

Month Year 19- 
tl 

A1 ~ hr.  after 1 1  8 2  I hr. oftcr 
(mb.) midnight (Inb.) midnight 

(165' \\?.) (165O IV.) 

t z  

January .................... 29,30,35,41,58 

March 29.34.40.57.58 
February  29,34,40,58 ................... 

...................... 
April 

.June 
July ........................ 
A n ~ u s t  ..................... 
Septemher .................. 
October. ................... 

~~ 

....................... 
........................ May 
........................ 

29; 34; 40; 57; 58 
29,34,40,57,58 
29,34,40, 57, 58 
20,34,40,57,58 
29,34,40,57,58 
29,34,40,57,58 
29. 34.40.57.58 

Novemher .................. 29,34,40,57 
Decemhcr. ................. 29,34,40,57 

0.00 

.10 

.17 
.I0  1.7  .07 
. 10 Ill. 2 .10 
.10 ............ .OO 

0.10 ~ "."""" 

15.4 . l 0  
13.8 .17 

.10 16.7 .14 

.14 15. 7 ,07 

.27 . IO 15.9 

. 10 

.03 2 2 . 2  .03 
7.9  .17 

.no . 1 4  ............ 

10. 2 
1.5 

10. 7 
10. 5 
10. 4 
9. 5 

10. 5 
. 0  

11.9 
11.3 

10. fi 
9 .4  

Al=Amplitude of diurnal  pressure  oscillation. 
A2=Amplitudo  semidiurnal  pressure  oscillation. 
t l=Time of occurrence of A,. 
tx=Time of occurrence of Az. 
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FIGURE 8.-Srlrfuce ozone and  wind rose, Little  America  Station, 
June  1957 (from [4]). Heavy  line  connects  values of percent 
deviation of surface ozone from monthly average for the various 
cornpass points. llashed line  connects  percent  frequency of 
occurrence of wind from the various  directions.  Numerals 
beside plotted  wind  points are average  wind  speed  in  knots. 

CALM 5.4 % 
OZONE +9.5 70 

inlport:mt oscill:ttion, especially  in t.he polar  regions. 
This  fact  is shown quite well by the lrlarnlonic constant,s 
for  pressure -in table 5 .  The semidiurnal  wave exhibits 
greater  uniformity  in phasc angle and  amplitude  than does 
the  diurnal  wave. 

A  comparison of t'he harmonic  constants  for  pressure 
wit'h  those  for ozonc indicat,es that  there  is  lit,tle  or  no 
relat'ionship  between  them.  Therefore,  from  these  limited 
d:Lta, i t  appears  that  the periodic daily  pressure  variat,ion 
l ~ s  little influence  on the  diurnal ozone oscillation. 

Ozone and wind rose-Wind and ozone roses were 
construct'ed  for select,ed months  to show both  the  relative 
frequency of the different  wind  directions and  the  variu- 
t,ion in  surface ozone concentration wit'll wind direction. 
This was  done by plotting  for  each compass  direction the 
percentage of time in t'he month  during which the wind 
blew  from t'hat  direction, based on the  hourly  surface 
wind  observat'ions;  the  mean  value of surface ozone 
hourly  readings  for  those  hours  when  the  wind blew from 
a specified dircction was computed,  and  the  result  plotted 
as a percentage  deviation  from the overall mean rnont'hly 
ozonc value. 

The  June 1957 Iitt ' le America  rose (fig. 8) shows  positive 
deviation of ozone amounts  with westerly and calm  winds, 
and  negative  deviation  with  easterly winds. 111 August 
1958, t'lle computations  show  very  broadly  the  same 
general  p:tt,tern although t,he rose is  more  irregular  and 
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t,he calm wind deviation  is neg:lt,ive. Fchruwry 1958 
shows  posit,ive devist8ions  with all wind directions  from 
WSW through N to S E ,  while with  calm  winds  and  most 
of the  other wind clircctions there are negative  deviations. 
All of these  months  show :L net  t,r:msport of both  air  and 
ozone from  the  cont8inent northw:wcl to t'he ocean. 

Relation  with sea l ~ u e l  pressure jeZd-The rclntior~sl~ip 
of surfacc ozone concentration to t811e sea level \vcvLtiler 
chart is illust,rated  in figure 9. Charts similar to thc O I I ~  

for  June 1957 shown here were prepared  for each month 
April through  September 1957 by plot't'ing the  deviation 
of the ozone concentration at. 0000, OFOO, 1200, and 1800 
GMT from  the  mean  monthly  concentration. Each value 
was plotted  in t,he model  pressure pattern by dr~tmnining 
the position of Little America  with  respect to t,hc surfarc: 
weather pattern at t h e  time of the observation. The  
6-hourly synoptic maps prepared at t'he TGY Antarctic 
Weather  Central were utilized  in  determining the rclst- 
tionship. 

The surface ozone patjtern  depicted by  the J u r l t ~  1957 
chart is typical of all the charts. In general, t,he low.cr 
values were found  to  occur  in  the  southeast  quadrant of 
the surface  Low.  Cyclones entering t'he Ross Sea usually 
approach  Little America  from t,he northwest. Thcse 
negat,ive  deviations may be the  result of the aclvect'ion 
of air  with lower ozone concentrations  from off the occan. 
Positive  deviations were located in  t'he rlort'hwest' quadrant 
of the Low and  in the cold anticyclone  occasionally  found 
over  the Ross Sea. The advection of ozone-rich air  from 
the continent  into  the  rear of the cyclone may account for 
the maximum observed there. The positive  deviations 
found  in  the high  pressure  regions may be the  result' of 
the downward transport of ozone by subsidcncc procvsws 
usually  associated with a polar  anticyclone. 

Ozonc. transport"Tab1e 6 shows the monthly  valurs of 
volume t'ransport of air and mass  transport of OZOIIP 

along the meridian at  Little America.  These  values were 
obtained as follows: tllt net meridional  component of wind 
for each (lay was computed  from the 24 hour.1~- wind 
ohstrvatiotls antl Inult,iplictl by the avcrtLge ozone conce11- 
tration for t,llat, (lay to give daily ozone mass transport; 
t>llcsc were the11 sumrnetl a1gct)raicaIly t,o give the total 
monthly u r d  finally annual transport. In this case, 
whcn dailJ- valucs for ozone concentration were missing, 
lincarly  illtcrpolntctl values were ustd (parenthetical 
values in  table 2 ) .  Units  for  air trallsport for the month 
are IO6 of air  through an area of I m.2 11orma1 to t'lltk 
meridian at, anemometer  height  (about, 10 m.). For tile 
mont~hly ozo11e transports t he  units are grams of ozone 
throng11 an arm of 1 m.2 at, arrc.mornet'cr height, assuming 
that the ozone concerltrat,ion is the same at, irltalw height 
ant1 ancmometer  hcight . Each  month sllows a northwart1 
(positive)  cornponcnt~ of the  air  transport with a minimum 
in Decwntwr antl maxima  in AIarcll antl A h ? - .  T h e  ozontk 
transport  northward  shows a millimum i n  December antl 
a maximum  in Slay (the low 1Iarch ozone value outweigl~s 
the high air transport). In figure 10  are  presented  graphs 
of the meritliotlal Inass transport of ozone, the meridional 
volume transport of air, and t h e  mcan mon t l~ l -  surface 
ozonc values, tile latt'cr  taken from figure 4. 

TABLE B."Meritlional uir and ozone transports at Little Americ tc  
I I 

Month 
X e t  mcridio- 

nal air 

(10 6 m.3jrn.2) 
trltmsport 

+194.4 
+33. ti 

+15R. 4 
+107.8 
+l(i3.1 
+242.2 
+567.5 
+14fi. 5 
+324.7 
+247. Y 
+297.2 
+171.2 

+2ci52. 5 
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5. POLAR-NIGHT OZONE BUDGET  AND  CIRCULATION 

Referring t'o figure 4 we see that  during 4 months of tlle 
dark period, June througll  September 1958, the surfacc 
ozone content was fairly  const>ant at  38 to 50 micrograms 
m.?. During  this same 4-month period the net ozone 
flow northward from T,ittle America was l O l G  gm. m.-2 
(see tablc G and fig. 10). If there is to be a s t ~ e a d ~ ~  state 
then as much ozone must flow in as flows out, since we 
assume no ozone is creat>cd or destropd  by photocllemical 
or other  means. 

The ozone influx call occur in  the  stratosphere or i n  the 
troposphere.  Since ozolle is usually  found  in  greatest, 
amount  in  the lower stratosphere one would expect  t'llat 
this  layer would be the  most likely  source of supply of 
ozone to  the surface  air over Antarctica. H o \ v e ~ e r ,  t'llero 
are two difficulties fa,cirlg this  explanation. First, t'he 
strong  winter  circumpolar jet' st'ream in  the low strato- 
sphere  (lloreland [7]) would  discourage  significant trans- 
port of ozone into  t'he illterior of t'he  Antarctic, corltincrrt 
(Wexler [13]). Second,  even if there were a significtmt 
stratospheric influx of ozone int40 the int'erior, it mould 
require  many  days of radiat'ive cooling over  the  continent 
for  t'his air to sink  through  the  stable  stratosphere, t'llcrl 
t'hrough t811e t,ropopause  into  the  troposphere, anti to 
descend into and flow out  with  the surfnoe layer of air. 

.545014--60-2 

For example, 011 August 6, 1957, a day of coldest strato- 
spllere at  the Sout'h Pole (-91 O C .  a t  50 mh.), the poten- 
tial  temperature a t  100 mb. was 360' A.;  at  the  top of the 
surfact! it,vrmion (555 mb.) it was 286' A., and at  the 
surfaco (702 mb.) it was 255' A. Even a large cooling 
rate of 5' C. day would require the  same air to remain 
over  Antarctica for more t'harl 20 clays in  order to reach 
the surface, an unlikcly event. Of course, turbulent  trans- 
port dowllwrml would occur, but in view of the  strong 
stability of the strntoapherc ttnd surface  layer,  this would 
be a slow process t'oo. 

I t  thus  appears that the  major influx of ozone into 
Antarctica occurs in  thc  troposphere  above  the surface 
layer. Tllc  winds  responsible  for this transport  are asso- 
ciat'otl with  the vigorous mirlt'er storms which move 
around :mil into  the  continent,  transporting  such  vast 
quantities of real and latent heat  that tropospheric  tem- 
peraturw show very litt'lc  decline  during the  dark period, 
April to Scpt'ernher (Wcxler 1131). In addition to real 
heat and wat'er vapor  these same large eddies can also 
t ra~~sport   in to  Antarctica ozone from lower latitudes. 
'Vllis ozone, which is manufactured photochemically  in the 
sunlit strat~osphere,  probably  enters  the troposphere 
through the t8ropopause  gap  associat,ed  with  the mid- 
lat'it3utle (SO'--%' lat.) jet s h a m .  (See fig. 11.) It is 
the11 caught'  in the urldulating  westerly currentm,  and makes 
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FIGITRE 12.-Daily temperatures and seasonal trrxrld, 500 r n h .  and 100 mh., South Pole, 1957. 

it,s  way  southward to Arlt,arct'ica  where the  air  sinks, 
becomes part of the 2-3-km. t'llick  surface layer, and flows 
northward.  Very  little ozone  is  shown crossing t'he polar- 
night  jet  into  the center of the  stratospheric  polar  vortex. 

If the principal influx of ozone into  Antarct'ica occurs in 
the middle and  upper  t,roposphere,  what concent'ratiorl of 
ozone is required?  We  can  compute  this  roughly  in two 
ways:  assume  a  fictit,ious  Antarctic  continent hountlctl 
by t'he 72' S. latitude circle (urea 12.5X lo6  ltm.2 comparwl 
to the  actual  13.5X106  km.2). Because of lack of infor- 
mation elsewhere on the  Antarctic  coast we shall  assumo 
first that  the  Little America mean  monthly ozolw transport, 
applies to  thc  entire coast. At  Little America t'he 1000- 
700-mh. layer (which  extends  from sea level to 2.5  km.) is 
the  laycr of outflow in  June,  July, and August  (Court 121, 
p. 69). If we assume that  t,he  surface ozone transportj is 
constant t,hrough this  layer,  t,his first  model  result's ill a 
northward flow of 3 1 . 8 ~  loJ2  gm. of ozonc during  Jmlc-- 
September 1958. 

Since, however, the ozone flow across tllc coast d c p c d s  
on  t'he  mass movement of air across the coast, n, second 
computation  was made based on values  for t'he entire 
coast  worked  out' by  Ruhin [IO] for June and December 
1958, while in residence at  the Soviet IGY Station, hlirny. 
Later,  on his return  to Wrashington where the original 
U.S.-Antarct,ic  radiosonde  ohservat'iorls were availablc, 
Rubin corrected  these  values  slightly and completed t811e 
computations  for the period June  through  December 
1958. These were calculated  for  tropospheric  layers 

850-700 nib., 700-500 mb.,  and 500-:300 mb. The  mass 
transports  through  the  surface  laycr, 850-1000 mb.  (near 
sea level) were obtairled by  est,rapolating downward 
Rubin's  ~nontllly values. I n  this  cornputation  the ozo~le  
mixing rat,io observed a t  I,it.t,le America was assumed  for 
the  entire  ht,arct,ic coast,  taken as the 72' S. latitJude 
circlo. 

Based on tllcsc assumptions a d  t'llc Lit,&  Anwriw 
observations we find that  during the  4-11lonth period, 
June-September 1958, when the surface ozone concentra- 
tion a t  Lit,& America  was fairly  constant at 38 to 50 
~nicrograrns 111.-~, thc t o h l  ozonc outjlow across the. 
Ant,arctic coast was 72.8X1012 gm., or R lit,& I I I O ~ C  than 
twice the  t,ransport,  computed by the first, simple  modcl. 
We shall use t,he larger transport' figure to see if  the 
required ozone concentration  in  t,he inflow layer 700 tjo 
300 rub. is a  reasonable  value.  During  this same period 
the air inflow in the layer 700 to 300 rnb.  (2.5 h 1 .  to 
8 km., the tropopause) was 26.7X 1 0 2 0  p .  Thus  the 
ozone corlcent,ratiorl in  this  upper  tropospheric  layer 
rcyuired t,o mairlt,airl a steacly stmate was 2.72X1OP8 g r ~ .  
ozone (gm. air)-l or 1.64 parts per hundred million 
(ppllrn) by volunlc. This  concentration  compares  quite 
wcll with t'lle average  value  in the 700-300-mb. layer 
observed by ozonesondes a t  Halley  Bay,  Antarctica 
(75'31' S., 26'36' W.) on January 24 and July 3, 1958 
(kIacDowal1 [SI). 

Thus,  it'  appears  that  tropospheric advection of ozon(b 
can by itself accoullt  for the high  values of surface ozone 
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FIGURE l3.-Aver:tge monthly surface pressure, Rout,ll Pole. 

without  calling  on contributions  fronl t8he st,rat8osphcrc 
over Antarct'ica. Even  the large increase  from  15 micro- 
grams 1 1 1 . - ~  in  March t'o 62  in May 1958  can be accounted 
for by the  inward  advection of tropospheric air containing 
observed conccntrat8ions of ozone. 

The figures in  table 6 rcquire an average of 250X1012 
gm. sec." of air  leaving Arltarct'ica in  the  0-2.5-hn. 
layer from June-Sept,elnber, and 252x10l2 gin. sec." of 
air entering  Ant'arctica, or seemillgly a near balancc. 
However, even an imbalance of 2 x  1 O I 2  gnl. sec." would 
still result  in an increase in averagc surface  pressure by 
OVCT 100 nlb. in 4 rnont1lls; tbc  transport figures are not 
accurate  enough to deterrnine precisely the s n d l  (lifter- 
ence between the  two  large numbers-inflow and outflow. 
Nevertldess, changes in  monthly mean pressures a t  
interior stations in Antarct,ica  generally agreccl in sign 
with the  prelirninary  est'imates of Inass advcct'iorl  across 
the Antarctic  coast for M a y J u l y  and Kovembtr- 
December 1958,  despit,c  t8hc  fact that possible strato- 
spheric influences were ncglectecl (Rnbin [IO]). 

To complete the  air mass cycle, descent' of air  over 
Antarctica is required  with  an  average  downward  vrlocit>y 
of about 2 knl. (lay". For the tcrnperature lapse mtcs 
observed in the mid-troposphere  over  Antarctica  this 
means a cooling of about 5' C. day" $ the t'roposplleric 
temperatures  are  to  rernain  essentially  constant  from  day 
to day. This cooling must be done by radiative losses and 
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FIGURE Il.-Nnmher of  cle:lr days, by  months,  South Pole. Ob- 
s t ~ v a t i o ~ ~ s  wwc made on only 23 days in  January 1957. 

is too high by a factor of 2 cornpard to cooling rates 
obscrvctl a t  the  South Pole station and at  the  Hallett 
Station (72'18' S., 170'18' E.)  during April-June 1959. 
The balloon-borne rntliornet,er developed by Suorni e t  al. 
[I I ]  was used for t'llis ~rlcasurernerlt and fuller  results will 
be publishetl 1atc.r. If t,he cooling rate is  not  large 
enough t,o permit  sinking of air at the required steady- 
stat(> rat'<+ then local Iwat,ing must  result.  The  large 
da>y-to-day  fluctuations of tc~rnpcrature a t  500 mb. 
during  the 1957 wintcr at  the Sout8h Pole (fig. 12) (AIorc- 
lard [7]) show that  the  temperatures are not "essentially 
constant,"  hut  whether these fluctuations  are caused 
priruarily by variations in advection or by variations i n  
sirrliirlg ant1 cooling rates is still to be det8ermined. 

During t'hc remaining 3 months for which the prelimi- 
nary  atlvcctivc rates are  available,  i.e.,  Oct'ober,  November, 
and Dccembcr, thcre was an outward flow of 308x1012 
gm. sec." in the 1000-700-mb. layer and an avcragcl 
inwartl flow of 350x10" gm. sec." in  the 700-300-mb. 
l a p r ,  sccmingly a larger  imbalance than in the June- 
Scptcmher  period. The presence of solar radiat~ion in 
October-December  should  decrease the free air  radiative 
cooling rates and thus decrease the compensating  down- 
\vartl velocities. This  should cause air  to  accumulate  in 
t,hc t'ropospllcrc and thus should  increase the  surface 
pressure. may be seen in figure  13, the Sout'll €'ole 
station pr(1.ssurc.s are  larger  in  summer than  in minter by 
about 10 mh., i n  agrcwment with the above  reasoning. 
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The  fact  that  sinking of air  in t’he  tropospllcre is more 
intense  in  the  polar  night  than  in  the  day is also indicated 
by  the  marked increase in  the  number of clear days 
during t’he  polar  night at  the  South Pole (fig. 14).  This 
increase is also found at  Byrd  Station (80’ S., 120’ W.), 
and is present at  Little America but less distinct’  because 
of the  coastal  location  and influence of storms. Since 
cloudless days  with the  sky obscured by wind-blown  snow 
are  counted  as cloud!: days  and sirlcc t’llis condition is 
more  frequent  in the windier wirlt’cr, the  cont’rast,  may 
be more marked  t’han  shown in figure 14. Thc  more 
vigorous sinking  motions  in  winter would tend to dissolve 
cloud syst’ems both  by local  warming (if the ratlint’ive 
cooling ratme is not sufficiently large) and h.v bringing 
down drier  air. 

In closing this seehion on the ozone budget,  it, is of 
interest to examine briefly the  water  vapor  budget. 
Loewe [5 ]  has  estimated  t’hat  the  transport of water vapor 
across 71’ S. is 1.35X101s  gm.  yr.”  correspordirlg  to an 
average of liquid  precipitation  over  Ant’arctica of 10 
cm.  yr.”. This  means  an  average of 0.45X lo1’ gm. set." 
inflow of water  vapor which is deposited ns precipitation 
in  Antarctica  during  the 4 mont8hs of the dark season, 
June-September,  when the average inflow of air is 2 .5  X 1014 
gm. sec.”. Thus,  the mixing ratio of thc prccipitat’ctl 
water  vapor is 0.18X10-3  gm. p - l  or 0.18 gm. kg.-l. 

This  value  can  be  compared  with the precipit’able water 
cont’ent of the  air  column  from 700 to 300 mb. over 
Hallett  Station  t’aken as typical of air  ent>ering  Antarctica, 
minus that over the  South Pole  t,aken as typical of the  air 
after  precipitation  has  occurred. For thc period,  June- 
September  1958,  this difference, expressed in  gm. kg.-l 
of the  air  mass  above 700 mb., is 0.10 gm.  kg.”  which is 
smaller than  the presumed  winter  precipitated  amount, 
0.18 gm. kg.-l. It is probable  that’ t’llis latter figure is 
too  large  since the  winter  precipitation is small  compared 
t’o the  other  seasons. 
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